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(54) FUEL CELL POWER GENERATING SYSTEM AND ITS OPERATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
inexpensive fuel cell power generating system 
and its operation method, capable of normally 
conducting water self sustaining with recovered 
water, and replenishing high purity water without 
using a water treatment device even in a special 
case where the self sustaining is impossible for a 
short time. 

SOLUTION: This fuel cell power generating 
system is equipped with a fuel cell 10 generating 
electricity based on electrochemical reaction of 
fuel obtained by steam-reformed hydrocarbon- 
based fuel gas with air acting as oxidizing agent 
gas, a fuel reforming apparatus 20; a cooling 
water apparatus 50, a water recovering apparatus 
30 recovering water in exhaust air of the fuel cell 
and combustion gas of a fuel reformer. The water 
recovering apparatus is equipped with a 
recovered water tank 31, a sprinkling device 
installed in the upper part inside the recovered water tank, a recovered water cooler 34, 
a level gauge 37 detecting a liquid level inside the recovered water tank, and a purified 
water bottle 38 replenishing purified water according to a liquid level measured result of 
the level gauge. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fuel cell which generates the electrical and electric equipment based on 
electrochemical reaction with the air as the fuel gas obtained by carrying out steam 
reforming of the hydrocarbon system Hara fuel gas, and oxidizer gas, In the fuel cell 
power plant which has a fuel reforming system device, the cooling-water-system device 
of a fuel cell, and the recycled water system device that collects the water in the 
exhaust of a fuel cell, and the combustion gas of a fuel reforming machine Said recycled 
water system device is a fuel cell power plant characterized by having a recycled water 
tank, the sprinkler system prepared in the upper part in this recycled water tank, a 
recycled water condensator, the level gage which detects the oil level in a recycled water 
tank, and the purified water supply container which supplies purified water based on the 
liquid level measurement result of this level gage. 

[Claim 2] It is the fuel cell power plant characterized for packed beds, such as Raschig 
ring as a cooling water direct contact process condenser, by things in preparation for 
between sprinkler systems, exhaust inlets, and combustion-gas inlets. [ in / on a fuel cell 
power plant according to claim 1 and / in said recycled water tank / the upper part in a 
recycled water tank ] 

[Claim 3] It is the fuel cell power plant characterized by having an overflow pipe for said 
recycled water tank discharging superfluous recycled water in a fuel cell power plant 
according to claim 1 or 2. 

[Claim 4] The operating method of the fuel cell power plant characterized by supplying 
purified water from a purified water supply container to predetermined level (H), and 
continuing operation at the time of steady operation whose liquid level measurement 
result of said level gage are the operating method of a fuel cell power plant according to 
claim 1 to 3, and shows a high order from predetermined level (L) when water self- 
sustaining by recycled water is performed and said liquid level measurement result 
reaches predetermined level (L), without supplying purified water. 
[Claim 5] The operating method of the fuel cell power plant characterized by stopping 
supply of purified water and suspending operation of a fuel cell power plant when said 
water self-sustaining becomes impossible by a certain cause and the liquid level 
measurement result of said level gage reaches the predetermined maximum minimum 
level (LL) in an operating method according to claim 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell power plant which has the 
fuel cell which generates the electrical and electric equipment based on the 
electrochemical reaction of the fuel gas and oxidizer gas (air) which were obtained by 
carrying out steam reforming of the hydrocarbon system Hara fuel, a fuel reforming 
system device, the cooling-water-system device of a fuel cell, and the recycled water 
system device that collects the water in the exhaust of a fuel cell, and the combustion 
gas of a fuel reforming machine, and its operating method. 
[0002] 

[Description of the Prior Art] Although there are various types which change with an 
electrolytic class, classes of reforming raw material, etc. as a fuel cell built into a fuel cell 
power plant, the solid-state polyelectrolyte mold fuel cell is well known as a type fuel cell 
with the operating temperature comparatively as low as about 80 degrees C, for example, 
using a solid-state poly membrane as an electrolyte. 

[0003] This solid-state polyelectrolyte mold fuel cell supplies the hydrogen in the fuel gas 
obtained by carrying out steam reforming of the hydrocarbon system Hara fuels, such as 
methane (town gas), and the oxygen in air to the fuel electrode and air pole of a fuel cell 
like a phosphoric acid fuel cell, respectively, and generates electricity based on 
electrochemical reaction. 

[0004] Moreover, although the approach of facing reforming a original fuel to fuel gas, 
adding a steam to a original fuel, and promoting reforming according to a catalyst with a 
fuel reforming vessel is taken, it is necessary to supply a necessary water vapor content 
regularly for performing reforming regularly, and to always supply the water corresponding 
to this to the feeder of a steam. In addition, the water to be used needs to be water of a 
high grade, and it is usually that the ion exchange water from which the impurity was 
removed by the water treating unit of an ion-exchange type is used. 
[0005] On the other hand, although generation-of-electrical-energy generation water 
arises and combustion generation water arises with the combustion for catalyst heating 
for performing regularly the steam-reforming reaction which is endothermic reaction with 
a fuel reforming vessel according to the electrochemical reaction of a fuel cell If these 
generation water has few impurities compared with the usual tap water and these 
generation water is used as raw water, since the load of a water treating unit is mitigable, 
A recycled water tank and an exhaust gas condensator are added, and the approach of 
collecting these generation water and making it into the feedwater for reforming steam 
generating is usually adopted. 

[0006] Moreover, in the electrochemical reaction of a fuel cell, heat occurs with a 
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reaction, a part of this exhaust heat energy is stored in a storage tank as warm water, 
and hot-water supply or heating is presented with it. 

[0007] Drawing 2 is the schematic diagram showing an example of the conventional solid- 
state polyelectrolyte mold fuel cell power plant which uses town gas as a original fuel. 
[0008] In drawing 2 , the fuel cell 10 shown typically is constituted arrangement and by 
carrying out a laminating in the cooling plate which has a cooling pipe or a cooling slot 
and which is not illustrated, whenever it piles up two or more unit cells which have fuel 
electrode 10a and air pole 10b. 

[0009] a original fuel — first — reforming — service water — the reforming machine 1 1 
is supplied with a steam and reforming is carried out to hydrogen and a carbon monoxide 
by the following reactions. As a catalyst for reforming, a noble-metals system catalyst or 
a nickel system catalyst is used. 
[0010] CH4+H20->3H2+CO (endothermic reaction) 

Then, this reformed gas is supplied to the CO transformer 12, and - carbon monoxide in 
reformed gas is reduced to about 1% by the following reactions. As a catalyst for CO 
conversion, a noble-metals system catalyst or a copper-zinc system catalyst is used. 
[0011] CO+H2 0->H2+C02 (exothermic reaction) 

Then, after the carbon monoxide in reformed gas is reduced to about 10 ppm, it is 
supplied to fuel electrode 10a of a fuel cell by the reaction of the following which carries 
out selective oxidation of CO with the air which was further supplied to CO removal 
machine 13, and was supplied by Blois. 
[0012] CO+1 / 202 ->C02 (exothermic reaction) 

When performing a reforming reaction in the reforming machine 1 1 like the above, it is 
common for it to be necessary to supply a steam and to use the heat of reaction of the 
sensible heat of the combustion gas of the reforming machine 11, the CO transformer 12, 
and CO removal machine 13 as the heat source in a solid-state macromolecule mold fuel 
cell power plant, therefore, reforming supplied with a pump 54 — reforming for pouring 
each reactor of the CO transformer 12, CO removal machine 13, and the steam generator 
14 for service water one by one to a serial — service water — the steamy supply line 15 
— preparing — said each reactor to heat — winning popularity — a steam — carrying 
out — this steam and a original fuel — mixing — reforming — service water — it is 
considering as the configuration introduced from the steamy supply line 15 to the 
reforming machine 1 1 . in addition, drawin g 2 — setting — said reforming to the CO 
transformer 12 and CO removal machine 13 — conduction Rhine of service water is 
omitted. 

[0013] Moreover, in order for each above-mentioned reactor to perform the chemical 
reaction by the catalyst, it is necessary to carry out the temperature up of it to proper 
temperature beforehand at the time of starting of a fuel cell power plant. The proper 
temperature of each reactor is as follows. Reforming machine: They are 500-700 degrees 
C, CO transformer:200-300 degree C, and CO removal machine:100-250-degreeC. 
[0014] For this reason, although it is burning the hydrogen supplied from the exhausted 
hydrogen supply line 19 of a fuel cell by the burner currently installed in the reforming 
machine and is usually heated at the time, the temperature up of the reforming machine 
1 1 is carried out by burning a original fuel by the burner at the time of starting. Moreover, 
the temperature up also of the steam generator 14 is carried out with the combustion 
gas of a reforming machine. On the other hand, each is carrying out the temperature up 
of the CO transformer 1 2 and the CO removal machine 1 3 by the electric heater which it 
has separately and which is not illustrated. A combustion air is introduced into said 
burner by the combustion air blower 18. In addition, 18a is a reaction air blower for 
supplying the air for a reaction, and the air for CO selective oxidation in CO removal 
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machine to the air pole of the body of a fuel cell. 

[0015] moreover, while it is introduced first to a desulfurizer 16, it is introduced by it to 
the catalytic-reaction machine of the reforming machine 1 1 after the sulfur component 
contained in town gas is removed by town gas pressure-up Blois 17, and said combustion 
gas receives supply of heat, reforming of the town gas is carried out — having — 
hydrogen — it becomes rich fuel gas. 

[0016] Next, the cooling-water-system device 50 and the recycled water system device 
30 of a fuel cell in drawin g 2 are described below. The cooling-water-system device 50 
contains the cell cooling water cooler 51, the cathode off-gas condensator 52, the 
exhaust gas condensator 53 of a combustion gas, a demineralised water tank 55, a cell 
cooling water circulation pump 54, its outcrossing tubing, etc. 

[0017] It is operated at about 80 degrees C as mentioned above, and is cooled with the 
water by which conduction is carried out from a demineralised water tank 55 with said 
cell cooling water circulation pump 54, and a fuel cell 10 is cooled by the cell cooling 
water cooler 51. After that, via the cathode off-gas condensator 52 and the exhaust gas 
condensator 53 of a combustion gas, the temperature up of the water which about 50- 
degree C water was introduced and cooled cell cooling water in the cell cooling water 
cooler 51 here for example, drawin g 2 was supplied from circulating water derivation 
Rhine 56 connected to the storage tank which is not illustrated is carried out to about 60 
degrees C, and it flows back from circulating water derivation Rhine 57 to said storage 
tank. The level gage is established, and when an oil level reaches a minimum, the recycled 
water mentioned later is intermittently supplied to said demineralised water tank 55 
through a water treating unit 35. 

[0018] Next, the recycled water system device 30 is described. The recycled water 
system device 30 serves as the recycled water tank 31 and the recycled water pump 33 
from recycled water condensator 34 grade. The off air and the combustion gas which 
were cooled by the cathode off^gas condensator 52 and the exhaust gas condensator 53 
of a combustion gas are introduced into the upper part of said recycled water tank 31, 
and it condenses by sprinkling cooling water from the sprinkler system which prepared 
the content moisture in air and gas in the upper part, and collects in the lower part of the 
recycled water tank 31. It cools with the recycled water condensator 34, and this 
recycled water is introduced into said sprinkler system. The cooling water direct contact 
process condenser equipped with packed beds, such as Raschig ring, may be formed in 
the latter part of this sprinkler system. 

[0019] in this case, carry out conduction of the OFF air containing a steam, and the 
combustion gas to the upper part from the packed bed lower part which be illustrate to 
drawing 2 , sprinkle the about 40 - degree C recycled water cooled with the recycled 
water condensator 34 from the upper part on the other hand, and contact gas and cooling 
water directly in a packed bed part, parts for the steam in air and gas be condense and 
collect, and there be an advantage whose recovery effectiveness improve with easy 
structure. 

[0020] As mentioned above, it is purified by the water treating unit and the above- 
mentioned recycled water is used as make up water. In addition, when a level gage is 
prepared also in the lower part of the recycled water tank 31 and the water in a recycled 
water tank runs short, a city water (tap water) is supplied as make up water, and this city 
water is purified by the water treating unit. 
[0021] 

[Problem(s) to be Solved by the Invention] By the way, there were the following troubles 
in the conventional fuel cell power plant which purifies by the water treating unit as 
mentioned above, using a city water as make up water. 
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[0022] Said water treating unit has the short life of ion exchange resin, and its 
maintenance costs including exchange of ion exchange resin are high. Since the rate of 
occupying to the total cost including the running cost of the fuel cell power plant of 
these costs is large, the adoption or rejection of a fuel cell power plant is hit, and it has 
become one of the necks in the viewpoint of economical efficiency. 
[0023] Moreover, since said water treating unit does not have supply of heat out of a 
system during operation of a fuel cell, in the cold district, it has fear of freezing and has 
also become one factor in which the cure against anti-freeze also increases whole cost. 
[0024] Originally, generation-of-electrical-energy generation water arises, and 
combustion generation water arises with combustion also in a fuel reforming machine, as 
mentioned above, these generation water is collected, the direction of recycled water is 
superior in the electrochemical reaction of a fuel cell as compared with the feedwater, 
then the required feedwater for reforming steam generating, and recycled water is made 
to usually overflow from a recycled water tank. Furthermore, since the amount of 
phosphoric acid does not exist in recycled water like a phosphoric acid fuel cell in a 
polymer electrolyte fuel cell a top with few impurities compared with the usual tap water, 
said recycled water is **** in which self-sustaining is possible, even if there is no water 
treating unit. 

[0025] When outside air temperature becomes [ a place ] 35 degrees C or more in a 
summer, the situation where the engine performance of the recycled water condensator 
34 falls, cannot condense air and the steam in gas, but the engine performance of a 
direct contact type heat exchanger falls, and recycled water runs short arises. Moreover, 
in long duration operation, even if outside air temperature is 35 degrees C or less, when 
slime etc. adheres to packed beds, such as the above-mentioned Raschig ring, and the 
nozzle of a sprinkler system is got blocked in them by a water scale etc., the situation 
where the engine performance of a direct contact type heat exchanger falls, and recycled 
water runs short arises. In this case, since a city water with low purity will be supplied, 
the water treating unit is indispensable. 

[0026] Having been made in view of the above-mentioned trouble, and the technical 
problem of this invention always making possible water self-sustaining by recycled water, 
and supplying water with purity high without a water treating unit making it possible also 
in the short-time special case in which self-sustaining is impossible, and offering a cheap 
fuel cell power plant and its operating method has this invention. 
[0027] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, it sets to this invention. The fuel cell which generates the electrical and electric 
equipment based on electrochemical reaction with the air as the fuel gas obtained by 
carrying out steam reforming of the hydrocarbon system Hara fuel gas, and oxidizer gas, 
In the fuel cell power plant which has a fuel reforming system device, the cooling-water- 
system device of a fuel cell, and the recycled water system device that collects the 
water in the exhaust of a fuel cell, and the combustion gas of a fuel reforming machine 
Said recycled water system device should be equipped with a recycled water tank, the 
sprinkler system prepared in the upper part in this recycled water tank, the recycled 
water condensator, the level gage which detects the oil level in a recycled water tank, 
and the purified water supply container which supplies purified water based on the liquid 
level measurement result of this level gage (invention of claim 1). 
[0028] According to invention of above-mentioned claim 1, at the time of steady 
operation, water self-sustaining by recycled water is performed without supplying purified 
water, when the impossible situation of water self-sustaining becomes clear, purified 
water can be supplied from a purified water supply container, and operation can be 
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continued by the liquid level measurement result, so that it may mention later. As a 
purified water supply container, the cheap purified water bottle (it is 98 yen with a 350ml 
bottle) marketed in the chemist's shop etc. can be used. Moreover, water can also be 
stored in the purified water purchased on the tank for purified water supply. 
[0029] As an embodiment of invention of said claim 1 , following claim 2 thru/or invention 
of 3 are desirable. Moreover, as an operating method, following claim 4 thru/or invention 
of 5 are desirable. It is as having given profile explanation in the publication of the term of 
said Prior art etc. about above-mentioned claim 2 thru/or the operation effectiveness of 
invention of five. In addition, details are supplemented and explained in the example 
mentioned later. 

[0030] That is, in said fuel cell power plant according to claim 1, said recycled water tank 
should be equipped with packed beds, such as Raschig ring as a cooling water direct 
contact process condenser, between the sprinkler systems, exhaust inlets, and 
combustion-gas inlets in the upper part in a recycled water tank (invention of claim 2). 
[0031] Moreover, said recycled water tank should be equipped with the overflow pipe for 
discharging superfluous recycled water in said fuel cell power plant according to claim 1 
or 2 (invention of claim 3). 

[0032] furthermore, at the time of steady operation whose liquid level measurement 
result of said level gage are the operating method of said fuel cell power plant according 
to claim 1 to 3, and shows a high order from predetermined level (L) When water self-- 
sustaining by recycled water is performed and said liquid level measurement result 
reaches predetermined level (L), without supplying purified water, purified water is 
supplied from a purified water supply container to predetermined level (H), and operation 
is continued (invention of claim 4). 

[0033] When said water self-sustaining becomes impossible by a certain cause and the 
liquid level measurement result of said level gage reaches the predetermined maximum 
minimum level (LL) in said operating method according to claim 4 further again, supply of 
purified water is stopped and operation of a fuel cell power plant is suspended (invention 
of claim 5). 
[0034] 

[Embodiment of the Invention] Based on a drawing, the example of this invention is 
described below. 

[0035] Drawing 1 is the schematic diagram showing the example in connection with this 
invention, gives the same number to the member which has the same function as drawin g 
2 , and omits explanation. Moreover, in drawin g 1 , among the system networks of 
explanation shown in drawing 2 for convenience, it carries out a current update in part, 
using the recycled water system device 30 as a subject, and is shown, and other 
networks, such as a fuel cell, a fuel reforming system device, and a cell cooling water 
system, omit, and are shown. 

[0036] The recycled water tank [ in / in the difference between drawin g 1 and drawin g 
2 / drawin g 1 ] 31 is a point equipped with the packed bed 36 prepared between the 
sprinkler system 32, the exhaust inlet, and the combustion-gas inlet, a level gage 37, the 
purified water bottle 38, the closing motion control valve 39 for performing supply control 
of purified water based on the liquid level measurement result of this level gage, and the 
overflow pipe 40 for discharging superfluous recycled water. 

[0037] Said level gage 37 is outputted to the control unit which does not illustrate the 
liquid level of the three-stage of H, L, and LL which are shown in drawing 1 , and it is 
constituted so that supply of purified water, a halt of equipment, etc. which mention later 
may be controlled. That is, water self-sustaining by recycled water is performed, without 
making the closing motion control valve 39 close, and supplying purified water from 
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predetermined level (L) by the liquid level measurement result of a level gage 37, as 
mentioned above, at the time of steady operation which shows a high order. Moreover, 
when said liquid level measurement result reaches predetermined level (L), the closing 
motion control valve 39 is made open, purified water is supplied from the purified water 
bottle 38 to predetermined level (H), and operation is continued. 

[0038] Furthermore, when said water self-sustaining becomes impossible by a certain 
cause and the liquid level measurement result of a level gage 37 reaches the 
predetermined maximum minimum level (LL), the closing motion control valve 39 stops 
supply of purified water as close, and suspends operation of a fuel cell power plant. 
[0039] By the way, when water self-sustaining by recycled water is continued for a long 
period of time, since the water in a system is not purified, it is possible [ it / with the ion 
exchange resin in a water treating unit ] that the conductivity of the water in a system 
increases gradually. When a follow-up survey was conducted about the example about 
this point, it became clear after about 48-hour progress that a saturation state 
(saturated with cm less than in about "lOmicroS /) was reached. It follows, for example, 
water self-sustaining by recycled water can be continued satisfactory for a long period of 
time by management of pure water permuting the water in the after [ operation ] (once in 
about five years) system of 40,000 hours. 
[0040] 

[Effect of the Invention] The fuel cell which generates the electrical and electric 
equipment based on electrochemical reaction with the air as the fuel gas obtained by 
carrying out steam reforming of the hydrocarbon system Hara fuel gas, and oxidizer gas 
according to this invention the above-mentioned passage, In the fuel cell power plant 
which has a fuel reforming system device, the cooling-water-system device of a fuel cell, 
and the recycled water system device that collects the water in the exhaust of a fuel 
cell, and the combustion gas of a fuel reforming machine The sprinkler system which 
prepared said recycled water system device in a recycled water tank and the upper part 
in this recycled water tank, Since it shall have a recycled water condensator, the level 
gage which detects the oil level in a recycled water tank, and the purified water supply 
container which supplies purified water based on the liquid level measurement result of 
this level gage Water self-sustaining by recycled water can always be made possible, and 
supplying water with purity high without a water treating unit can make it possible also in 
the short-time special case in which self-sustaining is impossible, and a cheap fuel cell 
power plant and its operating method can be offered. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] It is the schematic diagram of a recycled water system device to the Lord in 
connection with the example of the fuel cell power plant of this invention. 
[ Dra wing 2] The schematic diagram showing an example of the conventional fuel cell 
power plant 

[Description of Notations] 

10: A fuel cell, 20:reforming system device, 30:recycled water system device, 31 recycled 
water tank, 32:sprinkler system, 33:recycled water pump, 34:recycled water condensator, 
36:packed bed, 37:level gage, 38:purified water bottle, 39:closing motion control valve, 
40:overflow pipe, 50 : cooling-water-system device. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[ Drawin g 2] 
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